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157] ABSTRACT 

A clocic applying circuit for a synchronous mcmoiy is 
comprised of a clock input for receiving a clock input signal, 
apparatus connected to the synchronous memoiy for receiv- 
ing a driving clock signal, and a tapped delay line for 
receiving the clock input signal and for delivering the clock 
driving signal to the synchronous memory in synchronism 
with but delayed from die clock input signal, the delay being 
a small fraction of the clock period of the clock input signal. 

6 Claims, 3 Drawiqg Sheets 
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DELAY LOCKED LOOP IMPLEMENTATION 
IN A SYNCHRONOUS DYNAMIC RANDOM 
ACCESS MEMORY 

FIELD OF THE INVENTION 

This invention relates to the field of semiconductor 
meniories. and in particular to a circuit for applying a clock 
to a synchronous memory such as a synchronous dynamic 
random access memory (SDRAM). 

BACKGROUND TO THE INVENTION 
An SDRAM, shown in block diagram in FIG. 1 typically 
operates as follows, with reference to the signal timing 
diagram shown in FIG. 2. A clock input terminal 1 receives 
a clock input signal CLK. The remainder of the SDRAM is 
rei^esented by the memory airay and suj^rt circuitry block 
3. The dock signal arriving at the clock input terminal 1 is 
iHiffcred inside the SDRAM, represented by the receiver 5 
and buffer 6, and Is distributed to internal circuitry of the 
SDRAM. 

A signal at the output of the memory array and support 
circuitry 3 is applied to output buffers, represented by output 
buffer 8, which is enabled by the clock signal to drive data 
onto data terminals It of the SDRAM. However, due to the 
delays caused by the internal buffering and the interconnect 
wire on the integrated circuit chip that distributes the clock 
signal, the clock signal arrives at the enable terminal of the 
buffers delayed from the clock input signal. This delayed 
clock signal is illustrated in FIG. 2 as signal ICLK. 

Assuming that the system is responsive to the rising edge 
of the clock signal, the delay between the rising edges is 
shown in FIG. 2 as internal dock skew 12. This dock skew 
can be a significant fraction of the dock period if the part is 
driven with a high frequency clock. The clock skew typi- 
cally determines the maumum speed of the part As the 
operating frequency of the part increases, as determined by 
the clock frequency, the dock skew dday causes enabling of 
the output buffer 8 too late relative to the next rising dock 
edge and the valid data at the output data terimnals 10 will 
appear too late for the receiving chip. 

Prior to the present invention, there were either of two 
solutions used to deal with this problem: (a) making the 
dock buffer circuitry between the dock input terminal 1 and 
the output buffer circuit enable terminal as fast as possible, 
and (b) using a phase locked loop (FLL) to drive the enable 
terminal of the ou^ut buffer. 

Implementing the first solution results in a limit to die 
operating frequency of the part There will always be a limit 
to the operating frequency of the part, because there will 
always be significant delay associated with the clock buffa 
and distribution circuitry and delays introduced by parasitic 
resistance and c£q>adtanoe of the interconnection conductors 
used to distribute the buffered clock signal to the output 
buffers, which is evident from FIG. 1. Thus as shown in FIG. 
2, after the read command to the naemoiy array circuitry 3 
from the address and control input of the memory array, to 
output data to the output buffers 8, there must be a delay 12 
until valid data is ou^t to the data terminals 10, as 
indicated by the timing diagram DQ. This time is the sum of 
the internal clock skew from the rising edge of the dock 
input signal CLK to the rising edge of the ddayed dock 
signal ICUC and the time from the rising ed|ge of the dock 
signal ICLK to the time that valid data is ou^t on the 
output terminals 10 caused by the output buffer delay after 
it has been docked by the ICLK signal. 

The second solution provides considerable improvement 
over the first An on chip oscillator is used in a i^ase locked 
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loop (PLL) which is synchronized with the input clock 
signal. The internal clock signal can be either multiplied in 
frequency or adjusted to remove internal clock skew as 
much as possible. 
5 A system implementing the second solution is shown in 
FIG. 3. and a corresponding timing diagram is shown in 
FIG. 4. A FIX 15 is fed by the input clock signal from 
receiver 5, as well as by a feedback signal on conductor 17 
derived from the interconnection conductor which distrib- 

10 uies the output buffer enable dock signal. The latter signal 
is received from the output of the PLL via the internal 
buffering circuitry represented by buffer 6. 

Thus the already buffered (and delayed) clock signal is 
applied to the PLL and is compared with the input clock 
signal. Since the operation of the PLL is to synchronize the 
two signals, the dock signal to be distributed to the enable 
inputs of the output buffers, represented by the timing 
diagram ICLK in FIG. 4. is made as close as possible in 
timing to the input clock signaL The internal clock skew is 
thus minimized, as illustrated by skew time 19 shown in 
FIG. 4. Thus the output buffer is enabled much doser to the 
clock edge that is received by the part and valid data appears 
sooner rdative to the clock edge* and thus allowing higher 
frequency operation of the part This is shown by access time 

^ 21. which it may be seen is much shorter than access time 
12 resulting from the first solution. 

However it has been found that the PLL solution also 
suffers from problems. It is complex, requiring an on-chip 

^ oscillator with feedback control of die frequency depending 
on the monitored status of the on-chip oscillator relative to 
the input clock. It requires significant stand-by power due to 
its extra circuitry, and it requires considerable start-up time 
for the on-chip oscillator to synchronize and lock to the input 
clock frequency. It also requires use of an analog oscillator 
in a digital circuit which requires significantly different and 
complex fabrication techniques. 

SUMMARY OF THE INVENTION 

4Q The present invention minimizes the elapsed time 
between a clock edge that is input to a synchronous memcry 
such as an SDRAM and the time at which the same clock 
edge eventually triggers the output buffer of the SDRAM to 
drive valid data onto the output terminals of the SDRAM. 

45 The present invention utilizes a delay locked loop (DLL) 
instead of the phase locked loop used in the second solution 
described above. The DLL allows higher clock frequency 
operation while requiring less standby current and start-up 
time than the system that uses the FLU No oscillator is 

50 required as is required using the PLL. and the entire system 
can be fabricated using digital integrated circuit technology, 
rather than a mixture of analog and digital technology. 

In accordance with an embodiment of the invention, a 
clock flying circuit for a synchronous memory is com- 

55 prised of a clock input for receiving a dock input signal, 
apparatus connected to the syndironous memory for receiv- 
ing a driving clock signal, and a ta^d delay line for 
receiving the clock input signal and for delivering the dock 
driving signal to the synchronous memory in synchronism 

60 with but ddayed fro the clock input signal, the delay being 
a small fracUon of the dock period of the dock input signaL 
The fraction can be negligibly small 

In accordance with another embodiment, a clock applying 
circuit is con^rised of a synchronous dynamic random 

65 access memory (SDRAM) comprised of a memory array and 
an output buffer connected to the memory array, the memory 
array having a clock input signal terminal and the output 
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buffer having an eaiabie teniiinal for receiving a driving vary. B's use in a memoiy can aUow Ihe memory to operate 
dock signal, a clock input for receiving a clock input signal, at high speeds and maintains fts capabiUty as operating 
a tapped delay Une comprised of a series of delay elements conditions such as temperature vaiy 

c^mS ""iT-- "f"""', f"" »PP'r8 *«= i"P"' While the system requires some time on start-up to adapt 

.gnal to tt,e dock input signal terminal and to the mput of s itself a stable operatkg condition, the start-up m^rin 

^"^^J^^nft'TTT output signals „05t synchronous'memLs should be sufficfenT fo^t^e 

of plural ones of the delay eleinents and for provtdmg one output buffer to receive a properly adjusted clock sJml 

of the output signals of the delay den«i.ts as the drMng Du?,o the nature of the dekyKd iW theTwi^K 

to the enable termindoftheoutpu b^ffa- and apparatus for lo ,he clock will 1^ uncertain. If such frequencies Ve 

'ITI "^f;^'^." ^"t- ''^f ?«vi«g ? Pred^er- contemplated, external control circuit^ ^ ^ is^"o 

mined one of the rising and faUmg edge time which follows disable the delay locked loop, such as b/using a regista bft 

a coir«pon.Lng ruuig or falling edge of toe dock input ^hi* when set enablesZ delay locLd and Sien 

signal by a clock skew dday Ume of the SDRAM between „set disables the delay locked locj. n,en the chij ope«t« 

i S"'*' '^^ " ^ '"^"^ the 5tart-u?ti,S^ld 

^' minimum frequency requirements will be ignored. 

BRIEF INTRODUCnON TO THE DRAWINGS ^ iockcd loop derived dock is used only for the 

ou^ut buffer, any chip mode registers can be set and data 

A better understanding of the invention wiU be (Stained can be vwitten to memory befcarc die delay locked loop has 

by reading the description of the invention below, with ^ adapted. If the chip enters a power down mode while 

reference to the following drawings, in which: retaining supply voltage levels, the last t^ position can be 

FIGS. 1 and 3 arc block diagrams illustrating prior art preserved so that normal operation can be quickly 

systems, re-cnabled. 

FIGS. 2 and 4 are timing diagrams corresponding to and 25 Inuring a standby state of the memory, the delay locked 

used in understanding operation of the systems of FIGS. 1 ^ disabled, and the delay chain settings can be 

and 3 respectively, and maintained, as long as the power is applied, allowing the part 

HG. 5 is a block diagram iUustrating an embodiment of ^° * P^^^ ^^'^ ^« standby state 

the present invention. *° system will enter a faster lock since 

the delay chain settings are maintained, 

DETAILED DESCRIPTION OF THE The delay locked loop can be disabled and the regular 

INVENTION buffered version of the system can be used as in the prior art, 

T.^:„« 17TO e • * I I • !• I- J . enabling the output buflFcr with the prior art form of delayed 

Tunang to HG. Sjm input dock signal is applied to a ^ theTystcm to be tested or 

tapped dday line formed of a scnes of delay dements 25 opcratcdusing a low frequency clocL 

such as inverters. The outputs erf predetermined ones of the " "'""8 » ircqucncy ciocic 

dday elements, which can be each one of the dday The dnving dodc signal can be used as the clock for the 

dements, arc provided to the inputs of a selection apparatus memory system, it can be used for only parts of the 

sud> as a multiplexer 27. The output of the multiplexer 29 ^^^^ ^^"^ ^8"^ 

provides a sdgnaL referred to hcxdn as a driving dock signal <>f ^ ^ enable the output buffer with the input 

whidi in this embodiment is applied to the enable terminal ^ ^^^^ "^"^ "f^ for the remaindtr of the memory system, 

of the output buffer in a manner as described above with J^^ i^rcscnt invention is not limited for use in conjunction 

respect to the prior art systems. with an SDRAM whtdi was used as an cxan^le, but can be 

A delay comparator 31 has one input that receives the ^ conjunction with other synchronous memca-ies such 

input dock signal and another input Aat receives the synchronous static random access memories, video ran- 

driving dock signal The comparator 31 outputs a control <Jo«i access mcmones, synchronous graphics random access 

signal which has a value that depends on the differential "^"tto^i"' synchronous read only memaies. In addition, 

between the input dock signal and the driving dock signal designs of the delay locked loop may be used than tht 

That control signal is applied to the control iiqjuts of descnbcd bcrdn. 

multiplexer 27, and determines which of the Inputs to it are ^ A person understanding this invention may now conceive 

passed through it to output 29 and fonns the driving dock alternative structures and embodiments or variations of 

signal The value of the contrd signal is such that the delay above. All of those which fall within the scope of the 

between the input dock signal and the driving dock signal daims appended hereto arc considered to he part of the 

is minimized in the positive sense (i.e. the leading edge of present invention, 

die driving dock signal will always be at the same time a « We claim: 

later dian the leading edge of die input clock signal). ^ applying circuit for a syndironous mcm(»y 

In tfiis manner the ou^t buffer of the mcmofy wiU be comprising: 

enabled ddier no or a minimum time following die input (&) ^ clodc ii^t for recdving a dock input signal. 

dock. (b) means connected to the synchronous memory for 

In another embodiment the feedback signal (i.e. die 60 xecdving a driving clock signal 

driving dock signal) is delayed by a delay circuit 33, (c) a tapped delay line for receiving the clock input signal 

referred to herein as a delay model which use similar and for delivering said clock driving signal to the 

dements as the real circuit path taken by the input dock synchronous memory synchronism with but delayed 

signal including buffers, logic gates, interconnect from die dock input signal, ihe dday being a small 

conductors, etc. The result is a signal for conqjorison by die 65 fraction of the dock period of the ciock input signal, 

delay comparator 31 which is ddaycd by a vahje which the delay line being comprised of a series of delay 

tracks die real circuit's performance as operating conditions elements for carrying said dock ii^t signal. 
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(d) means for selecting said output from said one of the 
delay elements, 

(e) means for providing the driving clock signal from an 
output of one of the delay elements. 

(f) the selecting means being comprised of a con^aratcr ^ 
for comparing Ac clock input signal with said driving 
clock signal and for selecting said output from said one 
of the delay elements based on a closest predetermined 
one of a rising or falling edge of the clock input signal 
following an enable time required at a particular enable ^° 
tcrminal-of the synchronous memory, 

(g) means for providing the driving clock signal to said 
particular enable terminal. 

(h) delay model means having a signal time delay simu- X5 
iating clock skew delay between a clock input terminal 

of the synchronous memory for receiving the dock 
input signal and said particular enable terminal and 

(i) an input port of the delay model means for receiving 
the driving clock signal and ioc providing a delayed 20 
driving signal to the comparator. 

2. A clock ^plying circuit as defined in claim 1 in which 
the selecting means is con:q)rised of a multiplexer for 
receiving output signals of plural ones of the delay elements 

at respective inputs thereof and for outputting one of the 2S 
output signals as the driving dock signal 

3. A dock flying circuit as defined in claim 1 in which 
the selecting means is comprised of a multiplexer for 
receiving output signals of plural ones of the delay dements 

at respective inputs thereof, means for receiving an input 30 
select control signal from the comparator resulting from said 
comparing for selecting one of said output signals for 
passing through the multiplexer as the drivbg clock signal 

4. A dock applying circuit comprising; 

(a) a synchronous dynamic random access memory 35 
(SDRAM) comprised of a memory array and an output 
buffer connected to the memory array, the memory 
array having a dock input signal terminal for receiving 
a driving clock signal 



(b) a clock input for recdving a dock input signal. 

(c) a tapped delay line comprised of a series of delay 
elements and having an input. 

(d) means for applying the clock input signal to the clock 
input signal terminal and to the input of the tapped 
delay line. 

(e) means for receiving output signals of plural ones of the 
delay dements and for providing one of the output 
signals of the dday elements as the driving dock 
signal. 

(f) means for applying said driving clock signal to the 
enable terminal of the output buffer. 

(g) means for sdecting said one of the output signals 
having a predetermined one of a rising and falling edge 
time which follows a corresponding rising or falling 
edge of the dock input signal by a clock skew delay 
time of the SDRAM between said clock input signal 
terminal of the memory array and the output buffer, 

(h) the recdving and providing means being comprised of 
a multiplexer for receiving said output signals at input 
terminals thereof and for receiving conUx>l signals from 
said selecting means for outputting one of said output 
signals as said driving dock signal. 

5. A dock applying circuit as defined in claim 4 including 
a delay model means having a signal time delay siimilating 
clock skew delay between a dock input terminal of the 
synchronous memory for receiving the dock input signal 
and said enable terminal, an input port of the delay modd 
means for receiving the driving clock signal and for pro- 
viding a delayed driving signal, the sdecting means com- 
prising comparing means for receiving the dock input signal 
and the delayed driving dock signal and for providing said 
control signals based on a zero or positive time differential 
thereof. 

6. A dock applying circuit as defined in claim 5, inte- 
grated into a single integrated circuit chip. 
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